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dibernation is sald to delay the onset and progression
of the biological effects of radiasion (R). Hovever, the
mandom of this Yarcteotion®is not clear. e hazve demon-
strated Increassd levels of catecholamine in the liver and
kidnevs of hibermating squirrels (3), and others (4) have
reacried Lhat epinepnrine and norepinephrine o r limited
protachion wo certsin radicssnsitive tilssves. It therefore

apoerred desicable to compare the catechoianine content

aninals expoesed to

Fal - S e
from active and

seodianion. Results of sveh experiments may indicate the

#rvizas be which the sympathetlc rmervous system is implicated
oEog Jactor in the rrobtective mechanlism of hibernation
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Ground sguirrele, Qltellus Sridecenlineatus, were
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were eoilected in Noriths and were maintained

i the Laboratory 1n an sir-conditioned room at 239C. The

animals hau free access to water and to Rockiand guinea
ots were given twlce

in early December,

zricd of hibernation.

wales and females, nody welghts ranging from 140 %o
1laernation was induced by transferring
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divided into five groups; and treated as follows: Group I,
active animals selected at random from laboratory stocks,
served as controls; in Group II were hibernating animals,

7 to 10 days at 5° to 109C; in Group III were active

animals X-irradiated, and sacrificed 20 hours post-irrsdiation;
in Group IV were hibernating animals which were X-irradiated
and Kept under hibernal conditions and sacrificed 20 hours
post-irradiation, & of these animals had elevated body
temperatures indicative of lessened or lack of hlbernal
torpor at the time of sacrifice; lastly, Group V consisted
of animals which were irradiated during hibernation, main-
tained under hibernal conditions for 2C hours and then
transferred to animal room conditions ~here they were per-
mitted to awaken for an additional 20 hours prior to
sacrifice.

The squirrels vwere subjJected to a single, total-body
exposura of 2000 r of x-rays (250 kv, 35.6 cm target dis-
tance, 0.5 mm copper and 3.0 mm bakelite filters, 1.5 mm
copper nalf-value layer, and 130 Rontgen pro Minute.).

Each animal was spinalectomized. The heart was
excised and blotted free of blood; both kidneys —rere
extirpated and a segment of liver wgs removed. These
tissues were rapidly frozen at the temperature of dry ice.
Samples were assayed for catecholamine by & fluormetric
method (5). Oxidations were carried out at pH 4.9 so

that eguivalent readings for epinennrine and norepinephrine

were obtained. The micro-Kjeldahl method with Nesslerization




was used to determine tissue nitrogen.
RESULTS

The levels of catecholamine in heart, kldney and
liver in active and hlbernating, both irradiated and
non-irradiated ground squirrels are summarized in Figures
1 and 2, The catecholamline values in active non-irradlated
and active irradiated animals are similar. The kidney
and liver of hibernating ground squirrels have signiglcantly
greater (P= 0.05) concentrations of catecholamine than
does the kidney and liver of active animals. Catecholamine
levels in tisswves of irradiated hibernating ground squirrels
{Group IV) are comparable to those of the irradiated
active animals (Group III), nowever, they are lower than
those of non-irradiated hibernators (Group II). 1In
particular, kidney and liver catecholamine concentrations
are significantly decreased (P = 0.05).

The squirrels which were irradiated during hibernation
and then aroused have tissue catecholamine levels comparable
to those of irradiated active and irradlated hibernating
animals, but are lower than non-irradlated hibernators
(Figure 1).

When the tissue catecholamine concentratlions are
expressed on a wet weight basis {Figure 1) then a comparison
of the cardiac and hepatic levels from non-irradiated
hibernators (Group II) with animals from each of the
irradiated Groups shows decrease in each of the latter.

However, if the catecholamine values are expressed on the
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basis of nitrogen content (Figure 2), in oruer to com-
pensate for hydration due (o experimental procedure,
then the difference in myocardial concentration of
catecholamine is minimized, the hepatic difference is sus-
tained and the kidney catecholanine levels appear signifi-
cantly decreased in all irradlatea groups (P=z 0.05).

Nitrogen contents of the specimens are gravnhically
shomn in Figure 3.

DISCUSSION

These results suggest that the changes in extra-
adrenal catecholamine stores &wing the period following
X-irradiation are associated with arousal, rather than
direct effects of the irradiation. This conjecture is
supported by reports that X-irradiation has been demon-
strated'to induce arousal from Sleep (6). In our experience
hibernating ground squirrels, properly handied, do not
ordinarily arouse in experimental circumstances such as
these. However, they often display arousal fol.owing
irradiation; despite the fact that they are maintained
in cold hibernaculz during and following X-irradiation.

The absence of additional zross chenges in catecholanmine
storage in animals from Group V, during the 40 hour period

following gradlation, is not surprising in view of the

radistion require extended periocds for manifestation in
this species (7). This view is supported by reports that
sympathetic nerves, the alleged sites of catecholamine
storage (8), are said to be radio-resistant (9).
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The catecholamine content of the hearts tended to

be lower as a result of irradiation (Group I vs. III;
Group 1I vs. IV; Grouo I vs. V) although the differences
do not prove statistically significant at the P = 0.05
level (Figure 1). It is of interest, however, that the
decrease in myocardial catecholamine in the irradiated
groups is not apparent when the results are expressed in
relation to the nitrogen content of the same snecimen
(Figure 2), rather than the wet weight. This suggests
that the observed decrease in concentration of catecholamine
was not due to an absolute decrease in the store of the
neuro~-transmitter, but rather to an increase in water
content of the specimen. These measurements emphasize
the usefulness of expressing catecholamine results on the
basis of nitrogen content, in addition to the conventional

manner, mg/g wet weight.

It is not clear from these studies whether the decrease
observed in the amount of catecholamine in the liver and
kidney represents increased destruction or decreased
formztion, or merely increased utilizstion due to arousal.
The results of these sxperiments point to the need for
further analysis of factom influencing storage of catechclamines
in extra-adrenal sites in hibernators, particularly
during irradiation and arousal from hibernation.

SUMMARY

Hibernating ground sguirrels, Citellus tridecemiineatus,
subjected to lethal doses of X-irradiation (2000 r)
cesonstrate decrease concentrations of catecholamines in
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the liver and kidneys 20 hours following exposure.
Myocardial catecholamines do not appear to be altered

if changes due to tlssue hydration are accounted for.
These changes may be associated with the arousal induced
by the exposure; rather than with direct effects of the

radiation.

Zusammenfassung, Zwanzig Stunden nach Sestrahlung
wit tddlichen Rontgenstrahldosen (2000 r) zeigten
winterschlafende Citellus tridecemlineatus verminderte

“onzentrationen von Catecholaminen in Leber und Nieren.
Perden Veranderungen hinsichtlich des Wassergehaltes im
Gewebs berucksichtigt, so erscheint der Gehalt an

myokardialen Catecnclaminen unverandert.
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Fig. 2.

LEGENDS

Catecholamine contents of heart, kidney and
liver in active and hibernating, irradiated
and non-irradiated ground squirrels, Citellus

tridecemliineatus. Results are expressed in

mg/eg wet weight.

Catecholamine contents of heart, kidney and
liver in active and hibernating, irradiated

and non~-irradiated ground squirrels, Citellus
tridecemlineatus. Results are expressed ug/g
nitrogen.

Nitrogen coantents of heart, kidney and liver in

active snd hibernating, irradiated and non-

irrediated ground squirrels, Citellus tridecemlineatus.
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